The effect of ethylene on the uptake, distribution, and metabolism of indoleacetic acid (IAA)-1-_4C, IAA-2-14C, and naphthaleneacetic acid (NAA)-1-_4C in cotton stem sections (Gossypium hirsutum L., var. Stoneville 213) was studied. Stem sections excised from plants pretreated with ethylene for 15 hours transported significantly less 14C-IAA and 14C-NAA than control sections. Concomitant features of the reduction of 14C-IAA transport were an increase in decarboxylation and a trend toward a reduction in total uptake. With 14C-NAA, however, total uptake was significantly increased, and decarboxylation was unaffected.
The inhibition of auxin transport by ethylene is well documented (5-7, 10, 14, 15 ), yet the manner in which this inhibition occurs is unknown. At the present time it is not clear whether ethylene acts directly on the auxin transport system or on some other system which indirectly affects auxin transport. The effects 1 A contribution of the Texas Agricultural Experiment Station. Supported in part by Grant GB-5640 from the National Science Foundation and a grant from the Cotton Producers Institute and the National Cotton Council of America.
of ethylene on the uptake (5, 7, 14, 15) , decarboxylation (5-7, 14, 15) , and rate of auxin movement (6, 7) , as well as the gross morphology of the transport tissue (5, 7), have been eliminated as significant components in the inhibition of auxin transport by ethylene.
In spite of the number of studies on how ethylene inhibits auxin transport, two possible explanations have not been thoroughly investigated. First, ethylene could be increasing the rate of auxin destruction by mechanisms which do not involve decarboxylation. Second, the gas could be increasing auxin immobilization by some type of binding. The need for in depth studies of these two possibilities was suggested by the following: (a) pulse labeling studies (6) indicate that ethylene reduces auxin transport by stimulating removal of auxin from the transport stream, (b) both destruction and immobilization of auxin are known to prevent its transport (see reviews in Refs. 8, 12) .
The inadequate nature of available information on the effect of ethylene on auxin metabolism and immobilization is quite apparent. Binding and conjugation of IAA and NAA3 are well known (2-4, 16, 18-21) , but the effect of ethylene on these processes has not been studied. Study of the role of auxin metabolism, other than decarboxylation, as related to the effect of ethylene on auxin transport has been limited. The only consideration of auxin metabolites did not include insoluble 14C fractions and employed strip counting procedures which would have not detected minor components (15) . The identity of all of the 14C recovered in ethylene-treated tissue has not been established.
This study was undertaken to investigate whether or not auxin destruction and auxin immobilization play a causal role in the inhibition of auxin transport by ethylene.
MATERIALS AND METHODS
The methods used to study auxin uptake, decarboxylation, and transport simultaneously in cotton stem sections (Gossypium hirsutum L., var. Stoneville 213) have been previously described (5) . These methods and their modifications will therefore be reviewed only briefly.
General (13) .
The remaining 5-mm stem segments from each chamber were grouped into separate apical, middle, and basal lots; weighed; frozen; and subsequently extracted. The donor and receiver agar cylinders were treated in a similar manner. The '4C recovered in the KOH traps was scintillation-counted following diffusion into hyamine hydroxide (17) .
Extraction Procedure. The method of extraction was similar to that described by Good et al. (9) . Each lot of 20 or 30 apical, middle, or basal segments from each chamber was ground three successive times in 5-ml portions of cold 0.3 N NaHCO3 for 2 min on a Virtis grinder. After the initial grinding with the first 5-ml portion of NaHCO3, the supernatant was poured off, and fibrous residue was reground with a second 5-ml portion of NaHCO3. This operation was repeated, and the supernatants were combined with a final 5 ml of NaHCO3 used to rinse the flask to yield 20 ml of homogenate. The homogenate was saturated with (NH4)2SO4 (15 g ), and Kieselguhr G (1 g) was added. After shaking for 2 min, the samples were filtered through What- forced up through the area of the filter paper to which the extracts were applied.
Each extract was chromatographed once in each of the following solvent systems (9) After development, chromatograms were dried, and the lanes containing nonlabeled IAAsp or NAAsp were cut from the chromatograms. IAAsp was located with either the Gardon and Weber (11) or Erhlich's (9) reagents while NAAsp was located by viewing its characteristic fluorescence under short wave ultraviolet light. The chromatograms containing the labeled extracts were radioautographed for 7 weeks on 27.9-x 35.6-cm Kodak No-screen x-ray film. After the films were developed, the entire paper chromatograms were sectioned and assayed for 14C activity in a liquid scintillation system as previously described (5). Chromatograms were sectioned so as to isolate areas of highest activity as revealed by radioautography. The dimensions of the chromatogram pieces were 1.27 cm x 1.27 cm with no more than four pieces per scintillation vial.
Blank Determinations. A blank determination was conducted to determine whether or not the auxin degradation products appearing on the chromatograms were formed during the transport period or during the grinding, extraction, or chromatographic procedures. A sample of 20 ethylene-treated stem sections, 5 mm in length, which had not been previously treated with labeled auxin, was placed in5 ml of 0.3 N NaHCO3 A 2-,ul volume of the stock solution of IAA-2-'4C (0.1 mM) was added to the sections, and the sections were immediately ground, extracted, chromatographed, and radioautographed as described above. This determination was designated as XC. A parallel determination designated as XB was also conducted. This determination differed from XC in that the 20 stem sections were boiled for5 min before IAA-2-14C was added.
RESULTS
Effect of Ethylene on the Uptake, Distribution and Decarboxylation of14C-IAA and -NAA. In an earlier paper (5) ally decreased the total uptake of IAA-1-14C but consistently increased the total uptake of NAA-1-'4C, and (d) generally caused an accumulation of 14C in the apical absorbing segment. The 14C total uptake, distribution, and decarboxylation data presented in Figure 1 confirm these results.
Effect of Ethylene on the Metabolism of IAA-1-14C. The distribution of the radioactivity on the paper chromatograms of the extracts from the control and ethylene-pretreated sections following 6 hr of basipetal IAA-1-14C transport are shown in Figure  2A . In Figure 2 histograms of chromatograms of the extracts from the receiver agar cylinders are not shown since the activity present in these extracts was too low to allow meaningful comparisons. Three chromatograms were obtained from each lot of IAA-1-14C, NAA-1-14C, and IAA-2-14C donor agar cylinders and stem segments. These corresponded to the chromatograms obtained from the alkaline ether, acid ether, an acid butanol extractions of the donor cylinder and stem segments. For purposes of presentation, the radioactivity recovered at the same RF value on these thr-ce chromatograms was pooled in Figure 2 to yield a single histogram for each lot of donor cylinders and stem segments.
The distribution of radioactivity on the chromatograms of the IAA-1 -4C donor agar cylinder extracts ( Fig. 2A) indicate that only about 65% of the 14C recovered from the donor cylinders of the control and ethylene-pretreated sections was associated with the RF zone of authentic IAA. This was considerably lower than than the 90% radiochemical purity of the cochromatographed stock solution from which these agar cylinders were prepared (chromatogram not shown). Chromatography of extracts from similar cylinders which had not been in contact with stem sections revealed that approximately 88%70 of the 14C present in these donor cylinders chromatographed as IAA-1-14C. Therefore, the reduction noted in the percentage of 'IC chromatographing as IAA-1-14C in the donor cylinders following transport ( Fig. 2A) was probably due to enzymatic breakdown or conjugation at the cut surface.
The stem segment chromatograms ( Fig. 2A) The similarity between the distribution of 14C on the control apical, middle, and basal segment chromatograms indicated that many of the 14C-IAA metabolites present in the apical segment extracts were also present in the middle and basal segment extracts. On a percentage basis more IAA-1-1"C was present in the control, middle, and basal segments than in the apical segments.
Effect of Ethylene on Metabolism of NAA-1-14C. The histograms summarizing the chromatograms of the NAA-1-14C donor cylinders and stem segment extracts are presented in Figure 2B .
Inspection of the distribution of radioactivity in these chromatograms indicates that NAA-1-14C is much less susceptible to degradation in cotton stem sections than IAA-1-14C. The only major labeled compound other than NAA-1-14C which appears on any of the chromatograms has an RF value identical to that of the aspartic acid conjugate of NAA.
In the donors very little breakdown or conjugation of NAA occurred. Of the total activity present in the control and ethylene donor cylinder extracts, 95 % chromatographed as NAA-1-14C. This was only slightly lower than the 97 % radiochemical purity of the stock solution (chromatogram not shown).
The apical segment of the ethylene-pretreated segments contained more NAA-1-14C than the controls following 6 hr of transport (Fig. 2B) Figure 2C . The chromatograms of the donor cylinder extracts were generally similar to those obtained (solid line, XC) , the sections were immediately ground and extracted, and the extracts were chromatographed.
with IAA-1-14C ( Fig. 2A) . Approximately 89% of the 14C in the stock solution chromatographed as IAA-2_'4C (chromatogram not shown), while only 52% of the '4C from the extracts of the donor cylinders of the control and ethylene-pretreated sections chromatographed as IAA-2-'4C.
Trends apparent after 6 hr of IAA-1-14C ( Fig. 2A) transport were also apparent after 2 hr of IAA-2-14C transport (Fig. 2C ).
The major difference at the shorter transport period with IAA-2-14C was the larger percentage of the total '4C which chromatographed as IAA-2_14C in extracts from both the control and ethylene-pretreated sections.
Blank Determination. The distribution of the radioactivity on the chromatogram of the blank determination with IAA-2-14C is shown in Figure 3 . Approximately 85%7, of the 14C in the stock solution (chromatogram no)t shown) which was added to the segments that were boiled for 5 min (XB) and the segments not boiled (XC), chromatographed as IAA-2-14C. The histograms of the chromatograms of the NAA extracts shown in Figure 2B clearly demonstrate that the reduction in the amount of NAA-1-'4C transported was not due to an increased metabolism of NAA-1-l4C. More NAA-1-t4C was present in the apical segment of the ethylene-pretreated sections than in the apical segments of the control sections, yet very little was transported out of this segment in 6 hr. Thus, the reduction of NAA-1-14C transported by ethylene was not due to a lack of auxin in the sections.
The data presented here and elsewhere (2, 5, 14) demonstrate that IAA is metabolized much more rapidly than NAA. Evidence in vitro (17) suggests that in cotton this difference is related to the inactivity of NAA in the IAA-oxidase system. Although no attempt was made to identify the major metabolites of t4C-IAA, one metabolite had an RF value identical with that of IAAsp, suggesting that it was this conjugate. IAAsp has been previously reported in cotton stem sections (16) as well as many other tissues (3, 9).
Ethylene caused an acculumation of t4C in the absorbing segment (Figs. 1, 2A and 2B ). The data presented in Figure 2 Figure 2 , A and C, the NAA data (Fig. 28 (5), and a rapid turnover of auxin in the transport tissue (Fig. 2, A and C) , very little of the 14C which remains in the tissue following transport is free 14C-IAA. With synthetic auxins such as NAA (2, 19 , present study) and 2,4-D (2) under similar conditions, "IC activity is a more accurate indicator of the auxin in the tissue.
The data presented here and elsewhere (5-7, 10, 14, 15) clearly demonstrate the ability of ethylene to disrupt basipetal auxin transport in vivo. The disruption could involve any of the following: (a) a gradual increase in auxin destruction, (b) a gradual increase in the rate of auxin immobilization, (c) a gradual breakdown of the mechanism involved in actively transporting auxin from cell to cell, or (d) a gradual breakdown of the structural integrity of the pathway through which transport occurs. Our data would indicate that auxin destruction and immobilization processes involving conjugation or binding do not play a significant role in the disruption of transport by ethylene. At this time elimination of binding should be considered only tentative in that a critical evaluation of this factor was not included in this study.
In view of the possibility that ethylene may effect membrane permeability (1), ethylene may cause auxin immobilization by stimulating the "leakage" of auxin from the transport stream into areas where it is no longer available for transport. A modification of permeability may also disrupt the structural integrity of the membranes essential for the normal transport of auxin from cell to cell. The importance of such a permeability alteration, however, remains to be evaluated.
Previously we reported (6) that increased ethylene pretreatment periods from 1.5 to 3.0 hr progressively increased the rate of auxin loss from a pulse of auxin in transit. The auxin remaining in the pulse generally moved at a normal velocity and retained the same general appearance as the control pulse. These observations suggest that, whatever processes are involved in the disruption of auxin transport by ethylene, they must occur gradually in such a manner so as to leave a part of the system intact.
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